Holograms and computer graphics (CG) are used for presenting three-dimensional shapes. However, these are based on video technology and cannot actually form an object. Therefore, we develop a display device using a water column formed by water jet. By using a liquid, the displayed object can be changed to an arbitrary shape and one can touch those objects. By increasing the number of nozzles, the device can reproduce the object in details.
Introduction
Recent years, there are many methods of displaying three-dimensional shapes using image techniques such as holograms, CG, and so on. However, the presented objects cannot be touched. It is only displayed virtually. The display devices that actually represent shapes are at the research stage. In this research, we focus on the property of the liquid that the shape can be arbitrarily deformed and we consider to develop a display device using water. Water has many advantages, for instance, being able to provide multi-sensory information such as touch and temperature. In this research, we will work on the development of the three-dimensional shape display using water.
As a display using water, there is a fog screen (1) that projects light to fog with a projector. By artificially generating fog, the two-dimensional image output from the projector is irradiated to the water droplets arranged in a plane and converted to three dimensions. Also, fog display that applies this technology has been developed (1) . The problem is that it reflects the observed motion on display and is not a device for representing a three-dimensional shape.
Therefore, in this research, we aim to develop threedimensional display devices using multiple water columns. By adjusting the flow rate using valves and creating a difference in elevation of the water column, it is possible to realize the three-dimensional shape. At present, the number of nozzles that can be used depends on the using pump, and the shape that can be displayed is limited. If a water column with a different outflow shape can be formed for each nozzle, various stereoscopic displays can be expected. Using this device, we will be able to easily present the threedimensional shape regardless of the direction. And because of its touchable nature, it could also be used as a tactile display.
In this paper, we analyze the shape of the outflow formed by the water jet of the nozzle using fluid analysis software ANSYS Fluent and design the nozzle shape. Then, a nozzle fabricates using a 3D printer, and it is verified whether the expected water column is formed.
Display device
The display device consists of the tank container, the hose for forming a water column, and the circulation pump. The schematic of this device is shown in Fig. 1 and the built experimental device is shown in Fig. 2 . The water tank is made of acrylic and measuring 300W x 200D x 250H mm. A branch nipple is used as a hose to form a water column, and it is connected to a pump with a flow rate of 27 L/min. The nozzle is placed in the display unit, and experiments are performed. Fig. 3 shows three types of outflow shapes. In this study, we aim to create straight, round, and rectangle outflow shapes. The outflow shape of the rectangle nozzle is shown in Fig.4 . On the other hand, the nozzle that forms a round shape has not realized yet. Thus, we analyze a cylindrical nozzle that forms a cylindrical water column. The surface tension of water may affect the outflow shape. Therefore, we analyze two nozzles. Flow analysis of nozzles with a cylindrical inner diameter of 3 mm (nozzle A) and 7 mm (nozzle B) is performed. Table 1 shows the dimensions of each nozzle and Fig. 5 shows the nozzle drawing. 
Liquid outflow shape

Numerical analysis 4.1 Calculation area
The calculation area is created using ANSYS DesignModeler. Table 2 shows the size of the analysis area of each nozzle and Fig. 6 shows the analysis area. As shown in Fig. 5 , the nozzle is installed at the bottom of the analysis area. Table 3 shows the grid generation conditions.
Analytic method
The fluid analysis software ANSYS Fluent (ver. 18.2) is used to simulate the outflow from the nozzle. The following equations show the governing equations used to analyze this problem.
・Continuous expression ∇ • = 0 (1) ・Navier-Stokes equation
Here, u = {ux, uy, uz} is the velocity of the fluid, ρ is the fluid density, t is the time, p is the pressure, μ is the viscosity coefficient, and f = {fx, fy, fz} is the external force term. Table 4 shows the calculation method. The turbulence model adopts k-ε and is solved by a SIMPLE method. The flow rate should be 0.013×10 -3 m 3 /s to match the pump performance.
VOF method
VOF method (2) is one of the approaches to trace the interface of different fluids when simulating multi-phase flow such as water and air. The ratio of the fluid volume to each element in the analysis region is taken as the value F, the interface is calculated, and the movement of the water surface is expressed by changing the value of F. F takes values from 0 to 1, and is defined as a gas cell if F is 0, a fluid cell if F is 1, and a surface cell if 0 <F <1. An example of the distribution of F value is shown in Fig. 7 . In this paper, a free surface is defined as F = 0.5. To determine the position of the interface, we solve the following equation with the governing equations (1) and (2) .
(3) Fig. 8 shows isosurfaces of volume fraction (F=0.5) at 0.01, 0.05, and 0.10 seconds, and Figs. 9 to 11 show contours of x-z planes at 7, 8, and 9 mm from the bottom at 0.05 and 0.10 seconds. From the results of the contour figure, it can be confirmed that the cylindrical shape is formed at the height of 7 mm, on the other hand, the inside of the water column is filled with water at the height of 8 mm, and the cylindrical shape is not maintained. Fig. 11 . Contour of water volume fraction at 9 mm. Fig. 12 shows isosurfaces of volume fraction (F=0.5) at 0.01, 0.05, and 0.10 seconds, and Figs. 13 to 15 show contours of x-z planes at 7, 8, and 9 mm from the bottom at 0.05 and 0.10 seconds. From the results of the contour figure, although the cylindrical shape is formed up to the height of 8 mm, it can be confirmed that the inside of the water column is filled with water like the nozzle A at the height of 9 mm and the cylindrical shape is not maintained. 
Results and discussion
Analysis of nozzle A
Analysis of nozzle B
Conclusion
From the results, we have confirmed that the outflow shape cannot be improved simply by increasing the nozzle diameter. It can be seen that water gains mass regardless of the nozzle diameter due to the effect of surface tension. In the future, measures will be taken, such as connecting a guide that guides water to the tip of the nozzle or letting air flow from the center of the nozzle. And based on the analysis results, we create the nozzle and install into the device.
